Swift J1753.5−0127 is a stellar-mass black hole candidate which was discovered with Swift/BAT on 2005 May 30 (Palmer et al. 2005) . The source was observed in the low/hard state (LHS) and has remained in such a state during the whole outburst (Cadolle Bel et al. 2007; Zhang et al. 2007 ). Spectral and timing analysis made by Swift/XRT and Rossi X-ray Timing Explorer (RXTE)/PCA indicate a hard power-law spectrum and a 0.6 Hz quasi-periodic oscillation (Morgan et al. 2005; Morris et al. 2005) . A doublepeaked Hα emission line was found by optical spectroscopy of Swift J1753.5−0127 (Torres et al. 2005) . Recently, Hiemstra et al. (2009) discovered a broad iron emission line between 6.0 and 7.0 keV; this line was later on independently confirmed by Reis et al. (2009) .
Black hole binaries (BHBs) exhibit different X-ray states, denoted as low/hard (or hard), high/soft (or thermal) and very hard (or steep power-law) states. In the LHS, the X-ray spectrum of a black hole is dominated by a hard power-law component (>80 per cent of the flux in the 2.0-20.0 keV band) with photon index in the range 1.5 < < 2.1 and this component is explained to be due to the Comptonization of soft photons by thermal plasma of electrons, whereas the high/soft state is characterized by a thermal component that contributes >75 per cent of the total 2.0-20.0 keV unabsorbed flux. On the other hand, in the steep power-law state the X-ray spectrum is much steeper, with > 2.4 and also shows a thermal E-mail: smile200391@yahoo.com component (McClintock & Remillard 2006) . It is believed that BHB usually enters the LHS in the early and late phases of an outburst. The disc in the LHS may be truncated at some large radius, whereas in the high/soft state it extends almost into the last stable orbit. The observed hard X-rays are formed by inverse Compton scattering of soft photons from the disc. The question here is the structure of the emitting region. There are two classes of models which explain the geometry of the emitting region in the LHS: 'truncated disc' model and 'corona' model. The truncated disc model was earlier proposed by Shapiro, Lightman & Eardley (1976) . It assumes a cool, optically thick, geometrically thin disc that truncated at large radii and hot, optically thin, geometrically thick flows at small radii which produces the hard X-rays. The reflection spectrum and Fe fluorescence result from the interaction of the hard X-ray with the inner part of the truncated disc. When cooling of the accretion flow is not efficient, then most of the viscously dissipated energy is advected radially with the flow rather than being radiated (Narayan & Yi 1994) , and such flow is called the advection-dominated accretion flow (ADAF). The corona model involved a corona of hot, optically thin plasma covering a cold, optically thick accretion disc which provides the input of soft photons for Comptonization (Bisnovatyi-Kogan & Blinnikov 1977; Liang & Price 1977) . It was suggested that hot corona is formed as a result of magnetorotational instabilities in the disc and the buoyancy of the generated magnetic field (Tout & Pringle 1992; Beloborodov 2001) . The geometry of such hot corona could be either sandwich geometry (slab-corona model) in which it covers most of the cold disc (Haardt & Maraschi 1991 , 1993 , or patchy corona (Galeev, Rosner & Vaiana 1979; Haardt, Maraschi & Ghisellini 1994) in which a number of small coronal regions sit above the cold accretion disc. In both geometries, the disc extends down close to the innermost circular orbit (ISCO). However, such model could not explain the observations of some black hole sources in the hard state (e.g. Gierlinski et al. 1997 ). Beloborodov (1999) pointed out that due to the anisotropy of the energy dissipation process and due to radiation pressure from the disc, the flaring plasma is likely to outflow away from the disc with mildly relativistic bulk velocities.
In this work, we reanalyse the same data of the BHB Swift J1753.5−0127 used by Miller, Homan & Miniutti (2006a) and Hiemstra et al. (2009) . We applied different models with and without the disc blackbody (DBB) component to test the presence of the thermal component in the LHS.
O B S E RVAT I O N S A N D DATA R E D U C T I O N
In this paper, we analysed the observations of Swift J1753.5−0127 which was observed simultaneously with XMM-Newton and RXTE on 2006 March 24, about 270 d after the start of the outburst, at 16:00:31 UT and 17:31:11 UT, respectively. Let us detail, how we reduced the data from both RXTE and XMM-Newton telescopes.
RXTE data reduction
We obtained the RXTE data from both PCA and HEXTE detectors for the observation ID 92082-02-01-00. For both detectors we reduced our data using the HEASOFT v 6.3 software package. For PCA the exposure time was 2.3 ks. Here, we used 'Standard 2' mode data from all xenon layers of only PCU-2. We created the source spectrum. Thereafter, we used the FTOOL 'pcabackest' to generate the background file. In our work, we used the 'brightsource' background model (pca-bkgd-cmbright-e5cv2005) to extract the background spectrum. We made the response matrix using the task 'pcarsp'. Also, we added 0.6 per cent systematic errors to the PCA spectrum (Miller et al. 2006a ) using the FTOOL 'grppha'. For HEXTE, we reduced 'Archive mode' data from only HEXTE cluster-B. The exposure time was 0.78 ks. We extracted the background and source spectra. In addition, we produced the response matrix using the FTOOL 'hxtrsp'.
XMM-Newton data reduction
We reduced the XMM-Newton observational data file using the XMM-Newton Science Analysis System (SAS) version 9.0.0. To analyse our data, we used the latest current calibration files. After preparing our data, we reprocessed the observation data files to get the calibrated photon event files for the RGS and EPIC-pn instruments, covering an energy range from 0.15 to 15 keV. This is done through running the pipeline processing meta-tasks epproc and rgsproc, respectively.
The SAS task rgsproc produced the spectra and response matrices of the first-and second-order of the two RGS. The observation time was 39.7 ks for RGS1 and 39.5 ks for RGS2. To check if the RGS data were affected by flares, we created the light curve for the background. There appeared flares and so we filtered the data by creating good time interval table. Then, we reprocessed the data with rgsproc. From the event files, we found that the EPIC-pn camera was operated in 'timing' mode. The net exposure of the EPIC cameras was 40.11 ks. To correct for a charge transfer inefficiency effect which has been seen in EPIC-pn fast mode (timing and burst mode) data, we used the SAS task epfast on the PN event files. By excluding bad pixels from EPIC data and then plotting the light curve, this revealed that there were no background flares, so we took the whole duration to extract our spectral data. Using the SAS task xmmselect, the source and background spectra were extracted by selecting the region in RAWX between 30-45 and 10-25, respectively, and grouping PI channels 0-20 479 by a factor of 5. Next, we created ancillary response files (arfs) and redistribution matrix file (rmfs) using the tools arfgen and rmfgen, respectively. We used Pharbn 1 to group the PN data to oversample the PN resolution by a factor of 3, and ensuring that each bin contains a minimum of 20 counts.
S P E C T R A L A NA LY S I S A N D R E S U LT S
This paper describes a similar analysis as the one presented in Hiemstra et al. (2009) but we do not use MOS2, since it caused some problems and gave a bad fit, and we use RGS data. We combined the spectra obtained from the four instruments PCA, HEXTE, PN and RGS, and performed spectral fits to the joint spectrum using XSPEC version 12.5.1 (Arnaud 1996) . For these fits, we used PCA, HEXTE, PN and RGS1,2 data in the 3.0-20.0, 20.0-100.0, 0.6-10.0 and 0.4-2.1 keV energy bands, respectively. Due to the differences in the overall normalizations between instruments, we included a multiplicative constant in the model. When fitting the models, we tied all parameters except the multiplicative constants involving different instruments. Error measurements correspond to 1σ confidence intervals.
To account for the interstellar absorption along the line of sight to Swift J1753.5−0127, we included the model component PHABS in XSPEC, with cross-sections from Verner et al. (1996) and abundances from Wilms, Allen & Mccray (2000) . We first combined the spectra obtained from PCA, HEXTE and PN and fitted with the simple power-law model (POWERLAW in XSPEC) to account for the hard component. We found that there are negative residuals in the fits of the PN data near 0.9 and 1.8 keV and we suspect that they are most likely due to systematic uncertainties in the calibration. Thus, in all fits we ignored the range 0.85-0.95 keV and 1.7-1.9 keV.
Moreover, positive residuals could be seen close to the 6-7 keV range in the X-ray continuum, as illustrated in Fig. 1 , where an emission line due to iron might be expected to be present, which was first reported by Hiemstra et al. (2009) . To accommodate the emission feature, we initially modelled it with a Gaussian emission line (GAUSS in XSPEC) and then with a LAOR line profile (Laor 1991 ) (LAOR in XSPEC), which is thought to be produced by fluorescence when hard X-rays reflect off optically thick disc material. We found that the LAOR line was more successful at describing the broad emission-line feature. Therefore, for all fits below, the iron emission line is modelled by a LAOR line with the line energy restricted to range between 6.4 and 7 keV, the outer radius fixed at 400 Rg and the rest of the parameters free to vary.
We then combined the spectra from RGS1 and RGS2 and fitted with the power-law model (PL). We noticed that there are positive residuals around 0.52 and 0.65 keV as seen in Fig. 2 . They are most likely associated with the emission lines of N VII and O VIII. The lines appear slightly broad and therefore, they are represented as a gravitationally redshifted disc line (LAOR in XSPEC). Adding two LAOR lines to the PL significantly improves the quality of the fit ( χ 2 / ν = −111.4/−7). The fit with PL+2LAOR model is shown in Fig. 3 . The presence of the lines N and O is required at more than 10σ level of confidence as determined by their normalization.
Therefore, for all fits below the lines of N VII and O VIII are modelled by LAOR line profile. All the parameters of the three LAOR lines are linked except the line energies and the normalizations. We constrain the line energy for N and O to a range between 0.48 and 0.55 keV and 0.64 and 0.69 keV, respectively.
We initially fit the spectra with a PL. For this model, χ 2 per degree of freedom (d.o.f.) was poor, typically 5606.42/4201 (see model 1 in Table 1 ). Adding the three LAOR lines for Fe, N and O to this model improves the quality of the fit, resulting in a reduced χ 2 of 1.19 for 4192 dof (see model 2 in Table 1 −6.40 eV, respectively. The presence of the DBB component is required at the 5σ level of confidence as determined by the DBB normalization so it is required by the data. Also, an F-test indicates that there is a probability of 10 −48 that the improvement is only by chance. Fig. 4 shows the best-fitting spectra. The absorbed flux (0.6-10.0 keV) is 3.60 ± 0.03 × 10 −10 erg cm −2 s −1 where the flux of the DBB component is 1.71 +0.47 −0.35 × 10 −11 erg cm −2 s −1 (0.6-10.0 keV) which contributes only 4.7 per cent of the total flux.
It is believed that the hard component is due to the inverse Compton scattering of seed photons from the accretion disc. Therefore, we can approximate the non-thermal emission with the Comptonization model (Titarchuk 1994) in our fits. The COMPTT model does not provide a good fit (reduced χ 2 = 1.21 for 4199 d.o.f., see model 4 in Table 2 ). When three LAOR lines are added to the model, the fits show a large improvement of χ 2 / ν = −276.9/−9 (see model 5 in Table 2 ). The normalization of Fe, N and O lines are more than 10σ different from zero and their equivalent width are 119.61 +37.23 −35.20 , 24.36 +7.71 −8.13 and 51.06 +13.8 −6.74 eV, respectively. Next we fitted the spectra with COMPTT+3LAOR+DBB model (model 5) and tied the seed photon temperature (kT 0 in COMPTT) to the inner accretion disc temperature (kT in in DISKBB). Adding a DBB model improves the fit with a change in the goodness of fit of χ 2 / ν = −42/−1 (see Table 2 ). The fitting shows that the DBB normalization is more than 10σ different from zero. In addition, an F-test indicates that there is a probability of 10 −9 that the improvement is only by chance. Fig. 5 shows the best-fitting model. The Fe, N and O lines are found to have an equivalent width of 93.02 +21.39 −25.09 , 37.51 +9.25 −3.62 and 26.97 +4.99 −3.70 eV, respectively, and a normalization that is more than 10σ different from zero. The absorbed flux is 3.60 +0.04 −0.01 × 10 −10 erg cm −2 s −1 (0.6-10.0 keV) whereas the disc contributes with 1.47 ± 0.04 × 10 −11 erg cm −2 s −1 (0.6-10.0 keV).
Finally, we fitted the spectra with a constant density ionized reflection model, REFLIONX (Ross & Fabian 2005) in XSPEC. This model describes the reflected spectrum from an optically thick atmosphere of constant density illuminated by a power-law spectrum with an exponential cut-off energy fixed at 300 keV. We first fitted REFLIONX+PL model (model 7 in Table 3 ) to the spectra, where we fixed the iron abundances to solar and tied the power-law index of REFLIONX to that of the power-law compo-nent. This fit yields a reduced χ 2 of 1.18 (see Table 3 ). To verify the significance of the disc component, we fitted the spectra with REFLIONX+PL+DBB model (model 8 in Table 3 ) which results in a large change in the goodness of fit of χ 2 / ν = −105.8/ − 2 with a disc temperature of 0.20 ± 0.001 keV and the flux of the DBB component of 7.89 +1.17 −0.65 × 10 −12 erg cm −2 s −1 (0.6-10.0 keV). This contributes 2.2 per cent from the absorbed flux (3.60 ± 0.04 × 10 −10 erg cm −2 s −1 ) in the range 0.6-10.0 keV. The disc component is significantly required at more than 10σ level of confidence as determined from their normalization. Also, an F-test indicates that there is a probability of 10 −20 that the improvement is only by chance. The flux of the reflection component is 4.84 +0.01 −0.40 × 10 −11 erg cm −2 s −1 (0.6-10.0 keV). We then convolved the reflection component with the Kdblur relativistic smearing kernel to blur the reflection continuum and the lines as they were affected by relativistic effects from an accretion disc. This Kdblur convolution provides a slight improvement of χ 2 / ν = −12.9/ − 2. The thermal component is significantly required at 5σ level of confidence as estimated from the normalization of the DISKBB. An F-test indicates that there is a probability of 4 × 10 −3 that the improvement is only by chance. The best-fitting model is shown in Fig. 6 . The disc component contributes about 1.7 per cent of the 0.6-10.0 keV absorbed flux (3.60 +0.02 −0.05 × 10 −10 erg cm −2 s −1 ), whereas the reflection component contributes about 8.6 per cent.
D I S C U S S I O N A N D C O N C L U S I O N S
Our main goal was to test the presence of the thermal component in the Swift J1753.5−0127 spectrum. Spectral fits of the 2006 XMM-Newton/RXTE spectrum with a range of continuum models that include and exclude thermal component reveal that the POW-ERLAW, COMPTT, REFLIONX and REFLIONX convolved with Kdblur kernel models successfully fit the spectrum with the need of a DBB component. However, fitting the spectrum with REFLIONX convolved with Kdblur kernel model reveals that the DBB component is not strongly required compared with the other models (see the F-test probability). Thus, our results confirm the requirement of the thermal component by the data. However, the contribution of the disc is extremely low, from about 1.7 to 4.7 per cent of the total flux in the range 0.6-10 keV, depending on the model we used. The fits of the soft emission arising from the accretion disc illustrated the presence of a cool inner disc with temperatures that range between 0.19 and 0.52 keV, depending on the model we used, during the LHS of the X-ray transient Swift J1753.5−0127. Previous analysis of the same XMM-Newton observations has reported the requirement of a soft thermal component (kT ∼ 0.2 keV) in the spectrum of Swift J1753.5−0127 (Miller et al. 2006a) . Moreover, the presence of such soft component was confirmed from Suzaku observations (Reynolds, Miller & Homan 2009 ). In contrast, Hiemstra et al. (2009) could successfully fit the X-ray spectrum with a continuum model that does not have a soft disc component. Additionally, Tomsick et al. (2008) studied the broad-band X-ray spectra of the X-ray transient GX 339-4 in the hard state using Swift and RXTE and found a thermal component with an inner disc temperature of 0.2 keV at 2.3 per cent L Edd where, at 0.8 per cent L Edd the spectrum is consistent with the presence of such a component, but not required with high confidence. The existence of a cool inner disc in black hole X-ray transient systems in the LHS was investigated by Liu et al. (2007) through the evaporation/condensation model. This model describes the exchange of energy and mass between the corona and the disc originating from thermal conduction including the effects of coronal cooling associated with the inverse Compton scattering of soft X-ray photons. They found that for a range of luminosities that depends on the value of the viscosity parameter, weak condensationfed inner disc can be present in the LHS of black hole transient systems. Such a model was applied by Liu et al. (2007) to the two X-ray transients GX 339-4 and Swift J1753.5−0127 and they found that cool inner discs, contributing a small fraction of the total X-ray luminosity (<20 per cent), can exist in the LHS. Therefore, our result is in good accordance with this picture. Moreover, a soft emission in the LHS was also apparent in several black hole systems such as Cyg X-1 (Balucinska-Church et al. 1995; Di Salvo et al. 2001) and GRO J1655−40 (Brocksopp et al. 2006; Takahashi et al. 2008) .
We confirm the presence of a broad iron emission line which was previously discovered by Hiemstra et al. (2009) . We fitted the broad Fe Kα emission line in our spectrum using the LAOR relativistic line model, which provided a much better fit to our data than a Gaussian model. The line is significantly required by the data as indicated by the line normalization which is more than 10σ different from zero, in the best-fitting models. This is consistent with the previous results obtained by Hiemstra et al. (2009) (3-14σ significant depending on the model used) and Reynolds et al. (2009) (>7σ significant) . It is thought that the Fe line can be broadened as a consequence of a relativistic distortion, if it is emitted from an accretion disc that is close to the black hole (Fabian et al. 2000) . As determined from the LAOR line profile in the best-fitting models, the line equivalent width ranges between 93 and 185 eV, depending on the used model. Similarly, Hiemstra et al. (2009) determined the equivalent width to be 60-187 eV depending on the model used, while Reynolds et al. (2009) found an equivalent width of ∼70 ± 30 eV. Results from the best-fitting models suggest that the inner edge of the accretion disc extends down to 1.7-7 Rg, which indicates non-truncated disc that remain at or close to the ISCO. The discrepancy which is found in the fitting with LAOR model is the inclination of the system. For the different best-fitting models, LAOR fits tend to give inclination values higher than 86 • which conflict with the fact that there are no eclipses detected in the X-ray light curve of Swift J1753.5−0127. In the case of fitting the data with a smeared reflection model: Kdblur * REFLIONX, the inner radius determined is 10.9 Rg, which seems to suggest that a disc truncated at a small radius. This radius is larger than what we obtained from fits to the Fe Kα line using the LAOR profile (ranges between 1.7 and 7 Rg). In comparison, previous fits to the Fe Kα line, using a loar profile, yielded an inner disc radius varying from 5.5 Rg to 14.6 Rg for the best-fitting models, although fitting with reflection models smeared by relativistic effects suggested much larger radius R in ∼ 250 Rg which indicates that the inner disc radius strongly depends on the continuum model used by Hiemstra et al. (2009) . Estimates of the inner disc radius inferred from the laor line fits done by Reynolds et al. (2009) showed a disc truncated at small radii (R in ∼ 10-20 Rg), on the other hand fitting with a simple diskbb+PL and a reflection model revealed a disc consistent with ISCO (R in ≤ 6 Rg) for certain values of both the column density and inclination. We also found that the contribution of the reflection component is about 8.6 per cent, which implies that the other 89.7 per cent should appear as reprocessed radiation in the disc.
The most physically realistic model used, the smeared reflection model, reveals a truncated disc at a small radius (R in ∼ 11 Rg). Then, our results suggest the possibility for a truncated accretion disc at small radii in the LHS. This is in agreement with the results of previous analysis by Hiemstra et al. (2009) . They also suggested a disc truncated at much larger radius R in ∼ 250 Rg in the case of fitting with REFLION model convolved with KERRCONV. However, Miller et al. (2006a) revealed a cool accretion disc that extends close to the ISCO. A spectral fit, including a power-law and a selfconsistent component, was employed by Reis et al. (2009) ; they found an inner disc radius of about 3.1 Rg. Similar to this finding, an observation of GX 339-4 suggested a disc that remains at or near the innermost stable circular orbit in the LHS (Miller et al. 2006b) . The most common model suggested for describing the truncated disc picture was proposed by Esin, McClintock & Narayan (1997) . In this model, the LHS is identified by a radially truncated geometrically thin, an optically thick accretion disc at some radius, transition radius r tr and an inner ADAF r < r tr , which radiates less efficiently. This transition radius is a function of the mass accretion rate. The hard X-rays are produced by the inverse Compton of soft photons. This model is appropriate in explaining our spectrum. Moreover, Wilkinson & Uttley (2009) presented a new spectral analysis technique, the 'covariance spectrum', to study the variability spectra from XMM-Newton observations of Swift J1753.5−0127 and GX 339-4. They found that DBB emission contributes significantly to the X-ray variability spectra. They interpret the extra blackbody variability seen on longer time-scales to be intrinsic to the accretion disc. They suggested that such variations are likely to be responsible for the low-frequency Lorentzian component in the hard-state power spectral density function in both sources. This implies a disc truncation radius <20 Rg. This is in agreement with our estimate of the disc inner radius inferred from the smeared reflection model which indicates a truncated disc at small radius (R in ∼ 11 Rg). A comparative spectral-timing study of XMM-Newton data from the source in a bright 2009 hard state with that from the fainter 2006 hard state was done recently by Cassatella, Uttley & Maccarone (2012) . They found that in the bright 2009 hard state the disc variability below 0.6 keV becomes incoherent with the power-law and higher-energy disc emission at frequencies below 0.5 Hz which is in contrast with the coherent variations seen in the 2006 data. Furthermore, they found that the characteristic frequencies are higher at higher luminosity.
We report the discovery of broad emission lines of N VII and O VIII at ∼0.52 and 0.65 keV, respectively, in the RGS spectrum of Swift J1753.5−0127. This feature is interpreted as caused by reflection of X-ray photons off accretion disc enriched with neon and oxygen elements. It is considered that O VIII line comes second in strength after the Fe Kα line in the case of an accretion disc with solar abundances (Madej & Jonker 2011) . We fitted these lines with laor profile since they are thought to be affected by the strong gravity close to the black hole. We found that the N VII line is significantly required in the data as determined by its normalization for all models we used. However, the O VIII line is significantly required in the PL and compTT models, but is not significantly required for the rest of the models. In fact, more analysis is necessary to confirm the presence of N VII and O VIII lines. A similar O VIII line was detected in the ultracompact X-ray binary 4U 0614+09 (Madej et al. 2010) and 4U 1543−624 (Madej & Jonker 2011) .
Another feature observed in modelling the X-ray continuum with different components is column density N H showing a large variability during the fits and has a range of 2.28-3.30 (in the units of 10 21 cm −2 ) depending on the model used. The best-fitting spectra show that the continuum is well modelled with a moderate galactic absorption N H = 2.75-3.30 (in the units of 10 21 cm −2 ). It has been previously calculated to be N H = 2.3 × 10 21 cm −2 from XMM-Newton observations (Miller et al. 2006a ), while Cadolle Bel et al. (2007) obtained N H = 1.97 ± 0.23 × 10 21 cm −2 from optical measurements. In addition, Reynolds et al. (2009) determined the best-fitted column density as measured by Suzaku to be N H = 1.8 ± 0.1 × 10 21 cm −2 . However, they noted that the measured column density depends on the model used as for the Comptonization corona model the best-fitted value was N H = 3.1 ± 0.1 × 10 21 cm −2 .
